ABSTRACT
Introduction
Systemic sclerosis (SSc) is a chronic connective tissue disease (CTD) of unknown aetiology characterised by immune dysregulation, inflammation, widespread small vessel vasculopathy and progressive interstitial and perivascular fibrosis of the skin and internal organs (1) . Interstitial lung disease (ILD) is a major cause of morbidity and mortality in patients with SSc, accounting for approximately 1 in 3 SSc-related deaths (2, 3) . The reported prevalence of SSc-ILD varies widely depending on the definition and study methodology used. In an unselected cohort of 1168 patients with SSc in the Canadian Scleroderma Research Group registry, the prevalence of ILD, defined by the presence of ground-glass attenuation, fibrotic interstitial changes or honeycombing on HRCT, was estimated to be 52% (4) . As ILD is such a common and serious manifestation of SSc, it was included in the American College of Rheumatology (ACR) and European League Against Rheumatism (EULAR) joint classification criteria for SSc published in 2013 (5) . Most patients with SSc experience respiratory symptoms, such as exertional dyspnoea and nonproductive cough (6, 7) . Symptoms and lung function impairment restrict activities of daily living and have a negative impact on health-related quality of life (HRQL) (6) . No drugs are licensed for the treatment of SSc-ILD.
Treatment recommendations published
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by EULAR/EUSTAR in 2009 suggested that cyclophosphamide should be considered despite its known toxicities (8) . This recommendation was based on the results of two trials. The first was a randomised, placebo-controlled trial of 6 months' treatment with corticosteroids and intravenous cyclophosphamide followed by azathioprine as maintenance therapy, which showed a non-significant benefit of active therapy on change in FVC % predicted at 1 year (9). The second was the randomised placebo-controlled Scleroderma Lung Study I, which demonstrated a significant but modest benefit of cyclophosphamide on change in FVC % predicted at 1 year, but with a higher rate of adverse events and premature withdrawals (10) . In 2016, results from the Scleroderma Lung Study II demonstrated that 24 months' treatment with mycophenolate mofetil (MMF) was not more efficacious than 12 months' treatment with cyclophosphamide followed by 12 months' treatment with placebo; benefits on FVC % predicted over 24 months were comparable between the groups (11). There were fewer premature treatment withdrawals due to adverse events in the MMF group (11) . Updated treatment recommendations published by EULAR/EUSTAR in 2016 continued to recommend that cyclophosphamide should be considered for the treatment of SSc-ILD, in particular in patients with progressive SSc-ILD (12) . In addition, the updated guidelines recommended that use of autologous haematopoietic stem cell transplantation (HSCT) should be considered in selected patients with rapidly progressive SSc at risk of organ failure (12) . HSCT has been associated with better long-term event-free survival than intravenous pulse cyclophosphamide in patients with early diffuse cutaneous SSc (13) . For patients who have not responded to treatment and who have no extrapulmonary contraindications to transplant, lung transplant should be considered as a therapeutic option (14) . Nintedanib is a potent intracellular inhibitor of tyrosine kinase receptors, including the fibroblast growth factor receptor (FGFR), platelet-derived growth factor receptor (PDGFR) and vascular endothelial growth factor receptor (VEGFR), and non-receptor members of the Src family (15) (16) (17) . Nintedanib has been approved for the treatment of idiopathic pulmonary fibrosis (IPF) in several countries, including the US and EU (18, 19) . In the Phase II, 52-week TOMORROW trial and the two Phase III, 52-week INPULSIS ® trials, nintedanib 150 mg twice daily (bid) slowed disease progression in patients with IPF by reducing the annual rate of decline in FVC (mL/year), with an adverse event profile characterised mainly by diarrhoea which was manageable for most patients (20, 21) . As in IPF, the pathological pathways involved in fibrogenesis in SSc-ILD include fibroblast activation, migration, proliferation and differentiation into myofibroblasts, culminating in excess deposition of extracellular matrix (22, 23) . Transforming growth factor β (TGF-β) plays a key role: increased expression and activation of TGF-β receptors, leading to enhanced phosphorylation and downstream intracellular signalling, is characteristic of SSc fibroblasts (22) . Both PDGF, a potent mitogen and activator of fibroblasts, and PDGFR are elevated in SSc fibroblasts (22) . Src kinases have been implicated in processes such as fibroblast activation and the development of bleomycin-induced dermal fibrosis (24) . The role of VEGF in SSc is controversial; overexpression of VEGF has been shown to have profibrotic effects in the skin of mouse models (25) and to result in disturbed vessel morphology and intractable fingertip ulcers in patients with SSc (26) , but other studies suggest that VEGF may have beneficial effects via promoting wound healing and angiogenesis (27) . In vitro studies have shown that nintedanib inhibits PDGF-and TGF-β-induced proliferation and migration of human lung and dermal fibroblasts, their transformation into myofibroblasts, and the secretion of ECM (16, 17, 28) . The inhibitory effects of nintedanib on PDGF, TGF-β, VEGF and Src kinases may also have beneficial effects on vascular complications of SSc, such as digital ulcer formation (29, 30) . Nintedanib has demonstrated anti-fibrotic effects in various animal models of fibrosis, irrespective of the trigger (16, 17, 28) . In mouse models of bleomycin-induced and silica-induced lung fibrosis, nintedanib reduced fibrosis and collagen deposition in lung tissue (16) . Nintedanib also ameliorated fibrosis in murine models of scleroderma skin disease, including the tight-skin-1 mouse and a chronic graftversus-host disease model (28) . These preclinical data, together with the efficacy and safety of nintedanib demonstrated in patients with IPF, have provided a rationale for investigating the effects of nintedanib in patients with SSc-ILD.
Materials and methods
Study design
The Phase III, multicentre, randomised, double-blind, placebo-controlled SENSCIS™ (Safety and Efficacy of Nintedanib in Systemic SClerosIS) trial will evaluate the efficacy and safety of nintedanib for at least 52 weeks (maximum of 100 weeks) in patients with SSc-ILD (NCT02597933) (Fig. 1 ). Recruitment for the trial began in November 2015. Eligible patients will be randomised 1:1 to oral nintedanib 150 mg bid or placebo. As the presence of antitopoisomerase I antibody (ATA) has been associated with the progression of ILD (31) , randomised patients will be stratified by the presence of ATA. The trial will end when the last patient has completed 52 weeks of treatment and a follow-up visit 28 days later. Patients who discontinue trial drug prior to completing week 52 of treatment will be asked to attend all visits and undergo examinations as originally planned. The trial is being conducted in compliance with the protocol, the ethical principles laid down in the Declaration of Helsinki and in accordance with the International Conference on Harmonisation Harmonised Tripartite Guideline for Good Clinical Practice. All patients will provide written informed consent prior to trial entry.
Study population
Approximately 520 adults with SSc-ILD will be enrolled in the SEN-SCIS™ trial, making it the largest prospective clinical trial in SSc-ILD to date. Patients who fulfil the 2013 ACR/EULAR classification criteria for SSc (5) with onset of disease (first non-Raynaud symptom) <7 years from screening (<5 years prior to a protocol amendment in January 2017) are eligible to participate. The likelihood of achieving clinical benefit is believed to be greatest in the years following disease onset as this is the period when the risk of progression of SSc-ILD is greatest. SSc-ILD will be confirmed by a chest HRCT scan performed within 12 months of screening and must show an extent of fibrotic disease ≥10%, assessed by central review. Features consistent with SSc-ILD will be defined by reticular abnormalities, honeycombing and ground glass opacities. Participants are required to have an FVC ≥40% of predicted value and a diffusing capacity for carbon monoxide (DLco) 30-89% of predicted value. Background therapy with prednisone ≤10 mg/day and/or stable therapy with mycophenolate (mofetil or sodium) or methotrexate (≥6 months) will be permitted, reflecting clinical practice. Patients will be excluded if they have taken azathioprine within 8 weeks prior to randomisation or cyclophosphamide or cyclosporine within 6 months prior to randomisation, but immunosuppressants may be used in cases of clinical deterioration, defined as an absolute decline in FVC >10% predicted from baseline, or a relative increase in modified Rodnan Skin Score (mRSS) >25% from baseline and an absolute increase in mRSS >5 points from baseline, or clinically significant deterioration in other organ systems in the opinion of the investigator. Key exclusion criteria include alanine aminotransferase (ALT), aspartate aminotransferase (AST), or bilirubin >1.5 x upper limit of normal (ULN) at screening; severe renal impairment, defined as creatinine clearance <30 mL/ min calculated by the Cockcroft-Gault formula; a history of scleroderma renal crisis (added in a protocol amendment in January 2017); chronic liver disease (Child Pugh A, B or C); history of myocardial infarction, severe uncontrolled hypertension, or unstable angina within 6 months of screening; significant pulmonary hypertension, defined by previous clinical or echocardiographic evidence of significant right heart failure; history of right heart catheterisation showing a cardiac index ≤2 L/min/ m² or requiring parenteral therapy with epoprostenol/treprostinil; >3 digital ulcers or history of severe digital necrosis within 6 months of screening. Patients at known risk for bleeding (e.g., those with predisposition to bleeding or requiring fibrinolysis, full-dose anticoagulation or high-dose antiplatelet therapy) or with a history of haemorrhagic central nervous system event or thrombotic event within 12 months of screening will be excluded.
Efficacy endpoints
The primary endpoint is the annual rate of decline in FVC (mL/year) assessed over 52 weeks. Key secondary endpoints are the absolute change from baseline in mRSS and St George's Respiratory Questionnaire (SGRQ) total score at week 52. The mRSS evaluates a patient's skin thickness according to clinical palpation of the 17 surface anatomic areas of the body rated using a 0-3 scale (0, normal skin; 1, mild thickness; 2, moderate thickness; 3, severe thickness with inability to pinch the skin into a fold), with the sum of the individual scores defined as the total score (32). The SGRQ is a selfadministered questionnaire comprising three domains: symptoms, activity and impact (33) . Each domain score, as well as the total score, ranges from 0 to 100, with higher scores indicating worse HRQL. Exploratory endpoints are listed in Table I . Three optional sub-studies at dedicated sites will assess changes in quantitative lung fibrosis score by HRCT (centrally reviewed), changes in skin biopsies (histology and protein and RNA biomarkers), and changes in vascular density by nailfold capillary microscopy (centrally reviewed).
Safety and tolerability
Safety will be assessed by physical examination, vital signs, 12-lead electrocardiogram, echocardiography (in patients with a history of pulmonary hypertension), laboratory measurements and the recording of adverse events (coded using the Medical Dictionary for Regulatory Activities). The intensity of adverse events will be rated by the investigators as mild (easily tolerated), moderate (enough discomfort to cause interference with usual activity) or severe (incapacitating or causing inability to work or to perform usual activities). Adverse events of hepatic 
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injury and gastrointestinal perforation are of special interest, based on known effects of VEGF(R) inhibitors (34) . Hepatic injury will be assessed based on: ALT and/or AST ≥8 x ULN; ALT and/or AST ≥3 x ULN and total bilirubin ≥2 x ULN; ALT and/or AST ≥3 x ULN and unexplained international normalised ratio >1.5; ALT and/or AST ≥3 x ULN and unexplained eosinophilia (>5%); ALT and/or AST ≥3 x ULN and fatigue, nausea, vomiting, right upper abdominal quadrant pain or tenderness, fever, or rash. Dose reductions from 150 mg bid to 100 mg bid and treatment interruptions will be permitted to manage adverse events, using the same regimen as in the Phase III INPULSIS ® trials in patients with IPF (21, 35) . Specific recommendations for the management of diarrhoea and hepatic enzyme elevations have been provided to investigators ( Fig. 2 and Fig. 3 ). In summary, diarrhoea should be managed as early as possible with adequate hydration and standard anti-diarrhoeal treatment, e.g. loperamide. If diarrhoea persists, dose reduction to 100 mg bid or treatment interruption should be considered. An adjudication committee will review medical documentation to adjudicate cases suspected to be major adverse cardiovascular events and deaths due to cardiac and respiratory causes.
Statistical analysis
The primary endpoint will be analysed based on all measurements taken over 52 weeks using a random coefficient regression model. The slope of decline, assumed to be linear, as in the INPULSIS ® trials in patients with IPF (21), will be calculated for every patient and the average compared between the nintedanib and placebo groups. The stratification factor, i.e., presence of ATA (positive or negative), and other covariables, such as baseline FVC in mL, will be included in the model. Sensitivity analyses, using multiple imputation methods estimating the effect of nintedanib under differing assumptions around the persistence of efficacy after treatment discontinuation, will be undertaken. The two key secondary endpoints will be analysed using a restricted maximum likelihood (REML) based repeated measures approach. Both will be tested under a hierarchical test strategy that protects the type-1 error. If the results of the primary endpoint reach statistical significance, test results of change from baseline in mRSS at week 52 will be confirmatory. If these test results are statistically significant, test results of change from baseline in SGRQ total score at week 52 will be confirmatory. If any of the previous steps do not reach statistical significance, the analyses of the key secondary endpoints will be exploratory. Analyses will be conducted using twosided tests, with p-values <5% signalling statistical significance. All other endpoints will be analysed in an exploratory fashion using similar models as for the primary or key secondary endpoints or will be summarised descriptively. A Cox proportional hazards model will be used to estimate the hazard ratio for nintedanib versus placebo for all-cause mortality. All efficacy and safety analyses will be based on patients who were randomised and received ≥1 dose of trial medication. All measurements performed within the first 52 weeks will be used for the efficacy analyses, even if a patient prematurely discontinues treatment (intent-to-treat principle). The difference in the absolute change from baseline in FVC (mL) at week 52 between the nintedanib and placebo groups is assumed to be between 70 and 110 mL (10, 21) . A standard deviation of 245 mL in both treatment groups is assumed. Assuming a small number of patients without analysable data, a sample size of 260 patients per treatment group will achieve 90% power to detect a difference between groups of 70 mL/year in the primary endpoint. (37) . The annual rate of decline in FVC uses all the FVC values collected during the trial, making this endpoint more robust than using only the FVC values at baseline and week 52. The option of a flexible dosing regimen, allowing treatment interruption and/or dose reduction from 150 mg bid to 100 mg bid for the management of adverse events, has been provided to reduce permanent treatment discontinuations. As in the INPULSIS ® trials, patients who prematurely discontinue trial medication will be asked to attend all visits as planned to minimise missing data. The effect of nintedanib on skin will be investigated using the mRSS, a frequently used and reproducible measure of skin fibrosis in patients with SSc (32, 38) , which has been shown to correlate with skin thickness in biopsies (39) . Changes in HRQL will be assessed using the SGRQ. Although originally developed for use in patients with chronic obstructive pulmonary disease and asthma, the SGRQ has been shown to have acceptable psychometric properties in patients with IPF (40, 41) , has demonstrated construct validity in patients with SSc-ILD (42) , and has been endorsed by the OMERACT CTD-ILD working group to measure HRQL in clinical trials in SSc-ILD (37) . In addition to these key secondary endpoints, results from a large number of exploratory endpoints will provide insights into the effects of nintedanib in patients with SSc-ILD and the clinical course of the disease.
Conclusions
The Phase III, multicentre, randomised, placebo-controlled SENSCIS™ trial is evaluating the efficacy and safety of nintedanib in patients with SSc-ILD.
The results of this study will illuminate the effects of nintedanib on a number of clinically relevant outcomes in patients with SSc-ILD, a disease for which there are currently no licensed treatments. In addition, the SENSCIS™ trial will provide a wealth of data on the clinical course of SSc-ILD and its impact on patients.
